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ABSTRACT

Background: Klebsiella pneumoniae is one of the most important gram-negative bacterial
pathogens which has caused worldwide concern because of its association with life threatening
nosocomial infections and its multidrug-resistant (MDR) property. As a result of the increased use of
antibiotics; Carbapenemases are widespread in Enterobacteriaceae family and particularly in K.
pneumoniae so effective treatment options are decreasing. The aim of this study was to detect
blakKPC gene in Klebsiella pneumoniae by conventional PCR and to compare the phenotypic, ie
Modified hodge test and genotypic methods ie PCR for detection of KPC carbapenemases of the
recovered isolates of Klebsiella pneumoniae.

Study Design: Cross Sectional Prospective.

Place and Duration of Study: This study was conducted in the Department of Microbiology, Sher-i-
Kashmir Institute of Medical Sciences, Srinagar; in India over a period of one year and three months
(june 2014-september 2015).

Methods: This study included all isolates of Klebsiella pneumoniae recovered from blood culture of
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the patients. The identification and antimicrobial susceptibility were done on Vitek 2 compact.
Isolates that were resistant to meropenem were included for phenotypic (Modified Hodge Test) and
genotypic (Conventional Polymerase Chain Reaction) tests.

Results: A total of 70 Klebsiella pneumoniae isolates were recovered. Out of these 55 were
meropenem resistant and 15 were sensitive. 76.3% isolates were MHT positive and 23.7% were

negative. blaKPC gene was present in 64.5%
positive isolates 81% were carrying blakKPC gene.

and absent in 34.5% isolates. Out of 42 MHT

Conclusion: It was seen that a higher prevalence of blakPC producing Klebsiella pneumoniae were
isolated from patients admitted in ICU (intensive care unit). So formulation of an antimicrobial policy
and its strict implementation is needed along with appropriate infection control measures to curtail

its emergence and spread.

Keywords: Klebsiella pneumonia; carbapenem resistance;, modified hodge test; polymerase chain

reaction; blaKPC gene.
1. INTRODUCTION

Klebsiella pneumoniae is largely thought of as an
opportunistic pathogen, but the emergence of
hypervirulent strains over the past decade have
demonstrated the capacity to infect otherwise
healthy individuals and is associated with life
threatening nosocomial infections [1,2]. It is an
Enterobacteriaceae member which often displays
resistance  towards  [(-lactam  antibiotics,
particularly through B-lactamase expression of
which the most important are cephalosporinases,
such as extended-spectrum [-lactamases
(ESBLs) and carbapenemases [3].

Most prevalent carbapenemases are the KPC
carbapenemases, found mostly on plasmids in
Klebsiella pneumonia [4]. First member of the
KPC family was discovered through the ICARE
surveillance project in a K. pneumoniae clinical
isolate from North Carolina in 1996 [5].

The gene encoding the KPC enzyme is usually
flanked by transposon-related sequences and
has been identified on conjugative plasmids,
therefore, potential for dissemination is
significant [6,7,8]. Isolates that acquire this
enzyme are usually resistant to several other
classes of antimicrobial agents used as
treatment options. So laboratory identification of
KPC-producing clinical isolates will be critical for
limiting the spread of this resistance mechanism

9.

Misidentification of KPC-producing bacteria is
common with standard susceptibility testing. It
has been reported that automated systems will
identify 7-87% of KPC-producing K. pneumoniae
as susceptible to imipenem or meropenem [9].
The great variability that has been observed in
carbapenem minimal inhibitory concentrations

(MICs) by routine testing is likely related to the
phenotypic heterogeneity among isolates, giving
the appearance of susceptibility in vitro [10].

In order to reduce and control the further spread
of carbapenem resistance, rapid identification is
crucial so that appropriate treatment can be
applied [11]. Classical microbiological methods
often give slow results only after additional
cultivation for 24 or even 48 h [12,13]. A variety
of molecular methods have been developed,
such as PCR-based methods which are a lot
quicker and can give results within a few hours.
So the present study was done to detect KPC
carbapenemase and know the prevalence of
blakPC gene in meropenem resistant K.
pneumoniae isolates by conventional polymerase
chain reaction.

2. MATERIALS AND METHODS
2.1 Study Design

This study was conducted in the Department of
Microbiology, Sher-i-Kashmir Institute of Medical
Sciences, Srinagar in India; over a period of one
year and three months (June 2014-september
2015).

2.2 Methodology

The study included all isolates of Klebsiella
pneumoniae recovered from blood culture of the
patients. The identification and antimicrobial
susceptibility of the isolates was done on Vitek 2
compact (bioMe'rieux, Inc., France). Isolates
resistant to meropenem were included for
phenotypic and genotypic testing of KPC.
Modified Hodge test was done to detect the
carbapenemase production in these isolates.




These isolates were then tested for blakKPC gene
by conventional polymerase chain reaction.

2.3 Modified Hodge Test

Carbapenemase production was detected by
Modified Hodge test.

2.3.1 Principle

The test isolate produces the enzyme and allows
growth of a carbapenem susceptible strain (E.
coli ATCC 25922) towards a carbapenem disk.

2.3.2 Procedure

Modified Hodge testing was performed as
previously described (CLSI, 2014) [14].

2.3.3 Quality Control

Positive Control: Carbapenemase producing
Klebsiella  pneumoniae  strain  BAA-1705
(Microbiologics, St. cloud USA).

Negative Control: Carbapenemase negative
Klebsiella  pneumoniae  strain  BAA-1706.
(Microbiologics, St.cloud USA).

Fig. 1. Modified hodge test (positive result)
for carbapenemase detection

2.4 Polymerase Chain Reaction

DNA Extraction: Molecular identification
of KPC-producing Klebsiella pneumoniae
was performed by blakKPC PCR using
bacterial lysates from overnight broths prepared
by removal of 200 pl of broth culture,
centrifugation (12,000 x g; 2 min), resuspension
in 200 pl of molecular-grade water, boiling at
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95°C for 10 min, and discarding the cellular
debris by centrifugation (12,000 x g; 2 min at
4°C). PCR analysis for blaKPC was performed
with 1 pl of cell lysates, using the following
primers designed to identify all blaKPC genes
(blakpc.1  through  blakpc7): KPC  forward
(ATGTCACTGTATCGCCGTCT). KPC reverse
(TTTTCAGAGCCTTACTGCCC). The Reaction
was set up in a PCR vial, after adding the master
mix, the forward and reverse primers and the
extracted DNA. 25 ul of Master Mix contained
10X Taq buffer, 2mM Mgcl2, 0.4 mM dNTPs mix,
and 2U Proofreading Taq DNA polymerase.
(Thermo SCIENTIFIC ,USA) Lysates derived
from Escherichia coli ATCC 25922 and blaKPC
carrying K. pneumoniae strain 1705 _were used
as negative and positive controls, respectively, in
each PCR. The PCR conditions were as follows:
15 min at 95°C and 38 cycles of 1 min at 94°C, 1
min at 62°C, and 1 min at 72°C, followed by an
extension step of 10 min at 72°C [15]. The PCR
products were subjected to electrophoresis on
2% agarose gel stained with ehidium bromide
and visualized with UV light. The blaKPC gene
gave band at 893bp. Fig. 2.

3. RESULTS

A total of 70 non duplicate
Klebsiella pneumoniae were isolated
from patients admitted or attending the
out patient department (OPD). Out of
these isolates 55(78.5%) were meropenem

resistant and 15(21.5%) were meropenem
sensitive. Most of the isolates were recovered
from specimens obtained from ICU patients,
(54; 77%), followed by patients admitted
in inpatient department (IPD), (14; 20%) and
least from patients attending OPD (2; 3%)".
Among the isolates recovered from ICU patients,
44(81.4%) were meropenem resistant and
10(18.6%) were sensitive, in IPD patients
10(71.4%) were resistant and 4(28.6%) were
sensitive, whereas in OPD patients 1(50%)
isolate was sensitive and 1(50%) was resistant to
meropenem.

The antibiotic susceptibility. pattern of the
isolates is tabulated in [Table-1].

Relationship between PCR and MHT is shown in
Table 2.

Taking PCR as gold standard, sensitivity and
specificity of MHT was 94.4% and 57.8%
respectively.
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Table 1. Antimicrobial susceptibility pattern of Klebsiella pneumoniae isolates on Vitek 2

Antibiotic Sensitive no. (%) Resistant no. (%)
Colistin 70(100) 0(0)
Tigecycline 60(85.5) 10(14.5)
Meropenem 15(21.5) 55(78.5)
Ertapenem 13(18.5) 57(81.5)
Imipenem 14(20) 56(80)
Ceftazidime 14(20) 56(80)
Cefepime 12(17.1) 58(82.9)
Ceftriaxone 9(12.80) 61(87.2)
Cefuroxime 6(8.5) 64(91.5)
Ciprofloxacin 12(17.1) 58(82.9)
Levofloxacin 15(21.4) 55(78.6)
Amoxiclav 13(18.5) 57(81.5)
Pipracillin tazobactam 14(20) 56(80)
Amikacin 14(20) 56(20)
Gentamicin 32(45.7) 38(54.3)
Cotrimoxazole 17(24.2) 53(75.8)

893bp

Fig. 2. Poiymerase chain reaction (PCR) for blaKPC gene: Lane-L 100 bp DNA ladder, Lane-1,
Positive Control; Lane-2, Negative Control; Lanes 3-9, Test strains

Table 2. Relationship between detection of the blaKPC gene and the results of the Hodge test
modified (MHT) in Klebsiella pneumoniae isolates

PCR positive no. (%) PCR negative no. (%) Total
MHT positive 34(81) 8(19) 42
MHT negative 2(15.3) 11(84.7) 13

4. DISCUSSION

Multidrug resistant gram-negative bacilli are
frequently associated with infections in the
patients admitted to intensive care units of
hospitals. Klebsiella pneumoniae has been
identified as one of the most frequent causes of
outbreaks reported in neonatal intensive care
units (NICUs). It is a known cause of sepsis and
had been reported in other studies as the
commonest blood culture isolates [16]. In the
present study most of the isolates were

recovered from specimens obtained from ICU
patients ie 54 (77%), followed by patients
admitted in IPD 14 (20%) and least from patients
attending OPD 2(3%).

In this study isolates exhibited a high degree of
resistance to beta-lactams including penicillins
and cephalosporins.

Out of 70 isolates tested 91.5% were resistant to
cefuroxime, 87.2% to ceftriaxone, 82.9% to
cefepime, 80% to ceftazidime, 81.5% to



amoxicillin-clavulanic acid and 80% to piperacillin
tazobactam. Among quinolones 82.9% were
resistant to ciprofloxacin and 78.6% resistant to
levofloxacin and in aminoglycosides 80% were
resistant to amikacin and 54.3% to gentamicin.
All isolates were sensitive to colistin.

These results in our study are in accordance with
study conducted by Hashemi et al. (2014),who in
their study found that antimicrobial susceptibility
tests revealed a complete resistance to third-
generation cephalosporins and a moderate
resistance to gentamicin and fluoroquinolones.
Colistin was the most active agent against
carbapenem resistant klebsiella pneumoniae
(CRKP) with 99% of susceptibility [17]. Mona
Fattouh et al. in their study found that in addition
to meropenem, all KPC producing isolates were
found to be highly resistant to third-generation
cephalosporins, aminoglycosides and
fluoroquinolones. However, 17.4% of KPC
positive isolates were found to be resistant to
colistin [18]. Also according to Parveen et al. 45
meropenem resistant isolates exhibited high
resistant to third and fourth generation
cephalosporins, tetracycline, gentamicin,
cefoxitin, amikacin. Only 14 (32.5 %) were
sensitive to tpolymyxin-B [19].

Comparing the results of MHT and conventional
PCR for blaKPC gene, out of 42(76.3%) MHT
positive isolates 34(81%) were positive for
blaKPC and 8(19%) were negative for this gene.
This indicates the presence of a carbapenemase
other than KPC Carbapenemase. Whereas out of
13(23.7%) MHT negative isolates 2(15.3%) were
positive for blaKPC gene. This variable
susceptibility can be by genetic suppression
leading to a silenced gene; or dosage of the
gene that is dependent on the plasmid copy
number [20]. Also, 11(84.7%) were negative for
blaKPC, so they may have developed a different
resistant mechanism other than carbapenemase
production.

Our study results are in accordance with study
conducted by Shanmugam P et al. in which
(93.4%) isolates were resistant to meropenem,
MHT was positive in (82.6%) and blaKPC gene
was detected in (67.4%) isolates and out of the
38 MHT positive isolates blakKPC gene was
detected in 28(73.6%) isolates [21]. According to
Raghunathan A et al. with isolates of K
pneumoniae included in the analysis, 46 (98%) of
47 isolates were positive by the MHT and PCR,
and 7 (88%) of 8 isolates were negative by the
MHT and PCR, with a strong correlation between
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the results of the MHT and PCR (P =.0001;
Fisher exact test) [22]. However, according to a
study done by Girgis et al. out of 57 clinical
isolates of carbapenem resistant Klebsiella
pneumoniae tested only (21%) isolates were
blaKPC gene positive by PCR whereas MHT was
positive for all isolates with 100% sensitivity [23].
Sensitivity of MHT while comparing with gold
standard PCR was 94.4% and Specificity was
57.8% which is in accordance with other study
[21].

5. CONCLUSION

It was seen in this study that a higher prevalence
of blaKPC producing Klebsiella pneumoniae
were isolated from blood samples with high
degree of antimicrobial resistance mostly from
the patients admitted in high dependency units ie
ICU. So formulation of an antimicrobial policy
and its strict implementation is needed along with
appropriate infection control measures to curtail
its emergence and spread.

CONSENT AND ETHICAL APPROVAL
It is not applicable.
COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Russo TA, Shon AS, Beanan JM, Olson R,
MacDonald U, Pomakov AO, et al.
Hypervirulent K. pneumoniae secretes
more and more active iron-acquisition
molecules than “classical” K. pneumoniae

thereby enhancing its virulence. PloS
ONE. 2011;6:€26734.
2. Struve C, Bojer M, Krogfelt KA.

Characterisation of Klebsiella pneumoniae
type 1 fimbriae by detection of phase
variation during colonization and infection
and impact on virulence. Infect Immun.
2008;76:4055-65.

3. Kocsis B, Szabd D. Antibiotic resistance
mechanisms in Enterobacteriaceae. Spain:
Formatex @ Research  Center. 2013;
251-257.

4. Anne Marie Q, Karen B. Carbapenemases;

the versatile beta lactamases. Clin.
Microbiol. Rev. 2007;20(3)440-458.



10.

11.

12.

13.

14.

Paterson DL, Bonomo RA. Extended-
spectrum beta-lactamases: A clinical
update. Clinical Microbiology Reviews.
2005;18:657-686.

Miriagou V, Tzouvelekis LS, Rossiter S,
Tzelepi E, Angulo FJ, Whichard JM, et al.
Imipenem resistance in a Salmonella
clinical strain due to plasmid-mediated
class a carbapenemase KPC-2.
Antimicrob. Agents Chemother. 2003;47:
1297-1300.

Woodford N, Tierno PM, Young JK, Tysall
L, Palepou MF, Ward E, et al. Outbreak
of Klebsiella pneumoniae producing a new
carbapenem-hydrolyzing class a
lactamase, KPC-3, in a New York medical
center. Antimicrob. Agents Chemother.
2004;48:4793—-4799.

Yigit H, Queenan AM, Rasheed JK, Biddle
JW, Domenech-Sanchez A, Alberti S, et al.
Carbapenem-resistant strain of Klebsiella
oxytoca harbouring carbapenem-
hydrolyzing lactamase KPC-2. Antimicrob.
Agents Chemother. 2003;47:3881-3889.

Anderson KF, Lonsway DR, Rasheed JK,
Biddle J, Jensen B, McDougal LK, et al.
Evaluation of methods to identify the
Klebsiella pneumoniae carbapenemase in
Enterobacteriaceae. Journal of Clinical
Microbiology. 2007;2723-2725.

Mathers AJ, Cox HL, Bonatti H, Kitchel B,
Brassinga AK, Wispelwey B, et al. Fatal
cross infection by carbapenem-resistant
Klebsiella in two liver transplant recipients.
Transpl Infect Dis. 2009;11:257-65.

Mangold KA, Santiano K, Broekman R,
Krafft CA, Voss B, Wang V, et al. Real-
time detection of bla(KPC) in clinical
samples and surveillance specimens. J.
Clin. Microbiol. 2011;49:3338-3339.

Nordmann P. Gram-negative bacteriae
with resistance to carbapenems. Med Sci
(Paris). 2010;26:950-959.

Reglier-Poupet H, Naas T, Carrer A, Cady
A, Adam JM, Fortineau N, et al.
Performance of chromlD ESBL, a
chromogenic medium for detection of
Enterobacteriaceae producing extended-
spectrum  beta-lactamases. J. Med.
Microbiol. 2008;57:310-315.

Clinical and Laboratory Standards Institute
(CLSI). Performance standards for
antimicrobial susceptibility testing. 24th
informational  supplement (M100-S24).
Wayne, PA: CLSI; 2014.

Bhat et al.; JAMMR, 26(8): 1-7, 2018; Article no.JAMMR.41632

15.

16.

17.

18.

19.

20.

21.

22.

Schechner V, Straus-Robinson K,
Schwartz D, Pfeffer |, Tarabeia J,
Moskovich R, et al. Evaluation of PCR-
based testing for surveillance of KPC-
producing carbapenem resistant members
of the Enterobacteriaceae family. Journal

of Clinical Microbiology.  2009;47(10):
3261-3265.

Khan F, Siddiqui N, Sultan A, Rizvi M ,
Abgari S, Shukla I, et al. Klebsiella

pneumoniae outbreak in paediatric ward:
Detection and prevention, International
Journal of Current Microbiology and
Applied Sciences. 2015;(Special Issue-
1):81-87.

ISSN: 2319-7706

Hashemi A, Fallah F, Erfanimanesh S,
Hamdani P, Alimehr S, Goudarzi H, et al.
Detection of p-Lactamases and outer
membrane porins among Klebsiella
pneumoniae strains isolated in Iran.
Scientifica (Cairo). 2014;2014:726179 .
Fattouh M, Nasr El-din A, Mohamed AO.
Detection of Kilebsiella pneumoniae
Carbapenemase (KPC) producing gram
negative superbugs: An emerging cause of
multidrug-resistant infections in general
surgery department of Sohag University
Hospital, gypt. Int. J. Curr. Microbiol. App.
Sci. 2015;4(5):1-15.

Parveen RM, Harish BN, Parija SC.
Emerging carbapenem resistance among
nosocomial isolates of  Klebsiella
Pneumoniae in South India. Int J Pharma
Bio Sciences. 2010;V1(2):1-11.

Cabral AB, Andrade Melo CD, Vieira
Maciel MA, Souza Lopes AC. Multidrug
resistance genes, including blakKPC and

blaCTX-M-2, among Klebsiella
pneumoniae isolated in Recife, Brazil.
Revista da Sociedade Brasileira de

Medicina Tropical. 2012;45(5):572-578.
Shanmugam P, Meenakshisundaram J,
Jayaraman P. blaKPC gene detection in
clinical isolates of carbapenem resistant
enterobacteriaceae in a Tertiary Care
Hospital. J Clin Diagn Res.
2013;7(12):2736-8.

Raghunathan A, Samuel L, Tibbetts RJ.
Evaluation of a real-time PCR assay for
the detection of the Klebsiella pneumonia
Carbapenemase genes in microbiological
samples in comparison with the modified
hodge test Am J Clin Pathol.
2011;135:566-71.



Bhat et al.; JAMMR, 26(8): 1-7, 2018; Article no.JAMMR.41632

23. Girgis SA, Othman HB, Kassem NN, Carbapenemase in Klebsiellae
Abdou SM. Evaluation of boronic acid disk pneumoniae. Int. J. Curr. Microbiol. App.
for detection of Klebsiella pneumoniae Sci. 2015;4(5):772-783.

© 2018 Bhat et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history/24957




